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Abstract 
Artificial lipid membrane thin films using dip/drop method on gold/carbon printed electrodes have been developed and 
characterized. Artificial lipid membranes were prepared by using lipid/lipids, Polyvinyl chloride and plasticizers in a defined 
ratio. Lipid membranes for four basic tastes namely sweetness, sourness, saltiness and bitterness were prepared. The 
potentiometric response of the membranes was measured for basic tastants such as glucose, hydrogen chloride, sodium chloride, 
glutamic acid and quinine in different molar concentrations. The response shows the specificity of the membrane for the 
respective tastants. It has been demonstrated that the lipid membrane can directly be coated on to electrodes and used for 
electronic tongue applications. 
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1. Introduction 
Quality and taste in the food and pharmaceutical industries are generally analyzed by humans. However, this 
physical testing has low objectivity and reproducibility. Such a situation can be improved by using a taste sensor or 
an electronic tongue (e-tongue)1,2. A taste sensor, i.e., e-tongue with global selectivity, was first presented and 
patented by Dr. Kiyoshi Toko in 1989, and afterwards various researches has been performed on the application of 
e-tongues to the evaluation of taste and quality of foods or medicines. They have been extensively used and 
investigated by major food, cosmetics, packaging, pharmaceutical, chemical, petrochemical companies, in a wide 
variety of applications for both qualitative and quantitative analysis including shelf-life, gold standard, off-flavour, 
acceptable variation and preservatives and many others. Electronic tongue allows reproducing sensory or analytical 
tests such as: detection of taste related defaults; identification of sample origin; taste masking study; comparison of 
unknown sample. 
The taste sensing system with lipid/polymer membranes consisting of bilipid membrane (BLM’s) which is 
used to evaluate the taste of various analytes based on molecular charges3,4. The lipid/polymer membrane acts as a 
transducer which transforms the taste information generated by the chemical substances into an electric potential 
change5,6. The taste sensors are highly selective to each of five basic taste qualities (saltiness, sourness, umami, 
bitterness and sweetness) and their characteristics are described by their global selectivity7,8,9. These qualities are 
also vital in various foods which are sometimes considered a taste quality in the broad sense10,11,12. The sensing 
system would contribute significantly to the food & beverage and pharmaceutical industries. Using this taste sensor 
we can estimate the food adulteration also which is of prime concern these days. 
2. Experiment Section 
2.1 Reagents  
Trioctyl methyl ammonium chloride (TOMA), tetra dodecyl ammonium chloride (TDAC), tetra dodecyl ammonium 
bromide (TDAB), 1-tetradecanol, oleic acid, phosphoric acid di(2-ethyl hexyl ester), dioctyl phenyl phosphonate 
(DOPP),  tetrahydrofuran (THF), tartaric acid, potassium hydroxide, sodium chloride, quinine, sucrose, glucose, 
glutamic acid and Polyvinyl chloride (PVC) were purchased from Sigma-Aldrich. Ethanol was purchased from 
Spectro chemicals and hydrogen chloride was purchased from RFCL ltd. All the tastants were prepared in deionised 
water of conductivity  18 M. 
 
2.2 Synthesis of artificial lipid membranes 
During synthesis, lipid was mixed with plasticizers and PVC in a pre-determined ratio 1:3:213,17. Poly vinyl chloride 
(PVC) was used because it can be dissolved in tetrahydrofuran, nitrobenzene, cyclohexanone and also made either 
soft or hard by changing a mixing ratio with respect to plasticizer. The mixture of lipid, plasticizer and PVC were 
transferred into a flat bottom glass plate with temperature range 30°C-35°C to obtain transparent film of lipid 
membrane. The prepared lipid membranes then used as a taste sensing material due to its property of generating 
potential due to dissociation of lipid molecules when dipped in an aqueous solution. 
2.2.1 TOMA-DOPP 
Methyl trioctyl ammonium chloride (TOMA) and dioctyl phenyl phosphonate (DOPP) were used to prepare lipid 
membrane for bitterness taste15. The synthesis of lipid membrane was carried by mixing 200 mg TOMA in 1 ml 
THF with proper stirring to obtain homogeneous solution. In the next step 0.5 ml of lipid solution was mixed with 
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310 ȝl of DOPP to obtain ratio 2:3 and then mixed with 10 ml of THF. The calculated amount of PVC (200 mg) was 
then added into the mixture to obtain the predefined ratio.
 
2.2.2 TDAB-DOPP 
Tetra dodecyl ammonium bromide (TDAB) and dioctyl phenyl phosphonate (DOPP) were used to prepare lipid 
membrane for sweetness taste14. The synthesis of lipid membrane was carried by mixing 200 mg TDAB in 1 ml 
THF with proper stirring to obtain homogeneous solution. In the next step 0.5 ml of lipid solution was mixed with 
310 ȝl of DOPP to obtain ratio 2:3 and then mixed with 10 ml of THF. The calculated amount of PVC (200 mg) was 
then added into the mixture to obtain the predefined ratio. 
 
2.2.3 TDAC-DC-DOPP 
Tetra dodecyl ammonium chloride (TDAC), 1-tetra decanol (DC) and dioctyl phenyl phosphonate (DOPP) were 
used to prepare lipid membrane for saltiness taste16. The synthesis of lipid membrane was carried by mixing 36 mg 
TDAC in 10 ml THF and 21.4 mg DC in 10 ml THF separately. In the next step 2.5 ml TDAC-THF solution was 
taken out and mixed with 7.5 ml DC-THF solution. Then 103.4 ȝl DOPP and 66 mg PVC was mixed with the 
prepared mixture to obtain the mentioned ratio. 
2.2.4 TOMA-OA-BP-DOPP 
 
Methyl trioctyl ammonium chloride (TOMA), oleic acid (OA), bis (2-ethyl hexyl) phosphate (BP) and dioctyl 
phenyl phosphonate (DOPP) were used to prepare lipid membrane for sourness taste16. The synthesis of lipid 
membrane was carried by mixing 40.4 mg TOMA in 10 ml THF, 28.2 mg OA in 10 ml THF and 32.2 mg BP in 10 
ml THF separately. In the next step 3 ml TOMA-THF solution was taken out and mixed with 3.5 ml OA-THF 
solution and 3.5 ml BP-THF solution. Then 103.4 ȝl DOPP and 66 mg PVC was mixed with the prepared mixture to 
obtain the predetermined ratio.
 
2.3 Electrodes used 
The prepared lipid membranes were taken into a THF solution and then stirred and kept for deposition. Taste 
sensors were developed by coating of lipid membranes on screen printed electrode (SPE) by micro array spotbot and 
on gold electrodes by dip method. 
 
2.3.1 Printed electrode chips 
Dropsens C110 printed electrode chips were used as a taste sensor chips. There are 3 electrodes on the chip: 
working, reference and counter electrode. Working electrodes are of 4mm diameter and made up of carbon and 
coatings of lipid membranes were done on these electrodes. Thus they are also called sensing electrodes. Counter 
electrodes are also made up of carbon and reference electrodes are made up of Ag/AgCl. 
 
2.3.2 Gold electrode 
Gold electrodes were also used as a taste sensors and it also comprises of 3 electrodes: Working, Reference and 
Counter. In this the working electrode is made up of gold and coating was done on this electrode during 
experiments. For coating the gold electrode was taken and dipped in a lipid membrane solution and then taken out. 
This process was repeated several times to get the sufficient layer of thickness. Thus it is also known as sensor 
electrode. 
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commercialized taste sensors reported earlier.  
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